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Introduction

Cyclophilin A and B exert divergent effects on TGFβ action on epithelial cells
127
TGFβ has been widely regarded as a primary factor driving renal fibrosis (4). In vitro, 
142
Silencing of CypB almost completely prevented TGFβ-induced morphological changes (Fig. 2C) 
143
and strongly hampered the increase cell-to-substrate adhesion induced by TGFβ treatment, 144 while CypA silencing had no effect (Fig. 2D ).
145
TGFβ signaling to Slug and Snail is canonically transduced by Smad proteins. 
174
In order to explore the mechanisms by which CypB regulates inhibitory Smads, we 175 analyzed the levels of BMPs 2 and 7, which counteract TGFβ-induced EMT in a Smad 176 dependent way. We were unable to detect BMP7 mRNA in HK2 cells despite the use of multiple 177 different probes. By contrast, we detected BMP2, which was upregulated in CypB silenced cells 178 (Fig. 2I) . inflammation. It has also been reported that NFκB, which plays a key role in inflammation,
185
upregulates Snail both at the transcriptional level and stabilizing Snail protein (36). We 186 hypothesized a putative role of cyclophilins on these processes and analyzed the promoter 187 activity of NFKB in CypA and CypB silenced cells in basal conditions and upon activation by 188 cotransfection with p65 subunit. Our results show no significant differences in NFκB promoter 189 activity between control and silenced cells in basal conditions (Fig. 3A) . However, when NFκB 190 was activated by p65 cotransfection, we observed that the promoter activity was strongly 191 increased in CypA-silenced cells and considerably decreased in CypB-silenced cells.
192
Because it has been described a role for extracellular cyclophilins in inflammation (37),
193
we next aimed to explore whether cyclophilin regulation of Slug and Snail levels could be 194 related to modulation of this inflammatory pathway in an autocrine manner. Figure 3B shows 195 that both CypB and CypA were progressively secreted into the media of HK-2 cells and that CypA. Our results show that CD147 silencing increased, rather than decreased, Slug and Snail 207 levels, thereby resembling our findings in CypA but not in CypB-silenced cells (Fig. 3E) . Finally,
208
and to further investigate whether extracellular CypB could be modulating Slug levels in a
209
CD147 independent manner, CypB-silenced cells were treated with increasing doses of 210 recombinant CypB. Our results show that exogenous CypB was unable to restore Slug 211 expression or downregulate Snail levels to levels of non-silenced cells (Fig. 3F ). ERK1/2 phosphorylation was used as a control of CypB treatment effectiveness (38). Taken together 213 these results argue against and autocrine loop in Slug modulation by CypB. PPIase activity or, in the case of CypB, its N-terminal signal peptide, in the corresponding 220 silenced-cells (Fig. 4A) . To do so, we first generated a shRNA-resistant wild-type CypB (wt 221 CypB) by introducing silent mutations into the shRNA-targeted sequence for CypB to allow its 222 escape from degradation by the RISC complex. ShRNA against CypA was directed to the 223 3'UTR, and thus reintroduction of a wild-type form of CypA (wt CypA) did not require any further 224 modification. Re-introduction of the wt forms served as rescue experiments to validate that the 225 effects observed in silenced cells were not due to off-targets effects. Over these constructs, we 226 mutated critical residues for PPIase activity (ΔPPI mutants) in both CypB (R62A) and CypA
227
(R55A), and separately deleted the signal peptide (Δ(K2_A25)) directing CypB to the 228 endoplasmic reticulum (ΔER mutant). Finally, an HA-tag was added at the C-terminus of each 229 cDNA. All these constructs were stably transduced into cyclophilin-silenced cells using lentiviral 230 particles and selected with a different antibiotic than the one used for silencing selection.
231
Western blot assays demonstrated that the wild-type and the mutant forms of both CypA and
232
CypB were successfully reintroduced in the corresponding silenced cells (Fig. 4B and 4E , 233 respectively). Moreover, by using confocal IF we observed that both wt and ΔPPI forms of CypB 234 staining correlated with ER location, as determined by the ER transmembrane protein calnexin
235
(CNX), and were successfully secreted to the extracellular medium ( Fig. 4F and 4E , SN panel),
236
while CypB ΔER did not ( Fig. 4F and 4E , SN panel).
237
As shown in Figure 4C , reintroduction of wt CypA into CypA-silenced cells decreased
238
Slug and Snail levels to those of control cells, while reintroduction of the ΔPPI mutant of CypA 239 failed to do so, indicating that the PPIase activity of CypA is necessary to maintain Slug and
240
Snail at basal levels. These results were also observed in the presence of TGFβ (Fig. 4D) . On the other hand, reintroduction of CypB-wt into CypB-silenced cells increased Slug levels almost 242 to control levels while that of the ΔPPI mutant not only rescued but increased Slug levels over 243 those of control cells (Fig. 4G) . Finally, reintroduction of the ΔER mutant failed to restore Slug 244 levels. Again, these effects were observed in the presence of TGFβ (Fig. 4H) . These results
245
reinforce the idea that CypB is required for Slug expression and that its presence in the ER but 246 not its PPIase activity is required for this effect.
248
CypB modulates Slug levels through calcium regulating elements in the ER
249
As shown above, ER location of CypB is mandatory for Slug expression. Since it has 250 been previously described that CypB interacts with the calcium-related ER chaperones 251 calreticulin (CRT) and calnexin (CNX) (39), and CRT has been involved in the regulation of Slug 252 expression (40-42), we analyzed whether the modulatory effects of CypB on Slug levels could 253 be related to changes in CRT/CNX localization or altered interaction with these chaperones. 
260
Interestingly, this interaction pattern paralleled that of Slug expression shown in Figure 4G . By 261 contrast, we detected CNX interaction with the CypB ΔER mutant but not with the wt form.
262
Although a strong interaction of CNX with CypB ΔPPI was also observed, it is worth mentioning 263 that CNX levels were increased in CypB ΔPPI cell extracts (input). Taken together these results
264
suggest that a CypB-CRT complex rather than a CypB-CNX complex could be mandatory for
265
CypB regulation of Slug. They also indicate that interaction with either CRT or CNX depends on
266
CypB location.
267
CRT is an important ER calcium buffering protein involved in regulating ER calcium 268 storage and release. To ascertain if Slug downregulation in CypB silenced cells could be due to 269 ER-related calcium signaling, we analyzed whether Slug and Snail levels were modulated by alterations of ER calcium stores. ER calcium pools were depleted by exposing cells to 271 thapsigargin or ionomycin (Fig. 5C ). Our results show that basal Slug levels were increased by 272 ionomycin but suppressed by thapsigargin, while Snail levels were downregulated by both.
273
These effects were also observed in the presence of TGFβ (Fig. 5D) . Interestingly, ionomycin 274 was unable to induce Slug expression in CypB-silenced cells, and the ionomycin-induced 275 decrease of Snail levels was only partially attenuated in both CypB and CypA-silenced cells.
276
These changes occurred independently of ionomycin-induced ERK activation. Taken together 277 these results suggest that CypB could be regulating Slug levels through ER calcium-related 278 events.
280
CypB depletion ameliorates inflammation and fibrosis after UUO
281
To expand on the results performed in vitro and to assess the potential contribution of 
283
6A) were subjected to unilateral ureteral obstruction (UUO) of the left kidney for one-week 284 period to mimic the pathological conditions underlying early events in renal fibrosis (Fig. 6B) .
285
Controls corresponded to contralateral (non-ligated) right kidneys from the same mice. Our 286 results show that while no apparent differences were observed between the non-ligated kidneys 287 from wt and CypB KO mice regarding overall kidney morphology (HE), inflammation (F4/80) and 288 collagen deposition (MT), we found that obstructed kidneys from CypB KO mice were protected 289 from the tubular distension, inflammation and fibrosis observed in wt mice under UUO (Fig. 6C) .
290
Sham-operated mice were also included and results were the same as those found in non-291 ligated kidneys (not shown). These results suggest that CypB deficiency is associated to 292 reduced UUO-induced kidney fibrosis.
293
Since UUO induces a robust inflammatory response we compared the levels of pro-294 inflammatory cytokines present in obstructed kidneys of wt and CypB KO mice (Fig. 6D) . We 295 found that in wt mice the levels of tumor necrosis factor α (TNF-α), macrophage chemo-296 attracting protein 1 (MCP-1) and the pan-macrophage marker CD68 were strongly up-regulated 297 in the obstructed kidneys in comparison to the right contralateral kidneys. This increase was 298 significantly reduced in the kidneys of CypB KO mice. In non-obstructed kidneys, there were no differences in the expression of these inflammatory markers between wt and CypB KO mice. In 300 accordance with the protein levels shown in Figure 6A , CypB mRNA levels were almost 301 undetectable in CypB KO mice and were not affected by the UUO (Figure 6D ). We also 302 observed that the genetic deletion of CypB prevented the down-regulation of CypA induced by 303 UUO.
304
To further investigate the effects of CypB deletion in kidney fibrosis we analyzed the 305 levels of fibrosis and EMT related genes. In obstructed kidneys of wt mice, we observed a 306 potent and significant increase in the expression levels of ECM components fibronectin and 307 collagen-Ia and the metalloproteinase MMP-9, as well as of TGFβ. We also observed a (Fig. 6E) . CypB knockdown reduced Slug levels both in contralateral and obstructed kidneys, 318 while increased those of Snail only after UUO. CypB KO mice also show a reduced decrease 319 and an augmented increase in BMP7 and BMP-6, respectively, after UUO. Finally, we also 320 observed that SMAD7 levels were upregulated in non-ligated kidneys of CypB KO mice. 
536
Sigma-Aldrich) Thapsigargin (#586005, Calbiochem).
538
Gene silencing
539
CypA, CypB and CD147 silencing was performed as described in (58). For CypA and
540
CypB silencing, shRNA-containing lentiviral particles were generated by co-transfecting
541
HEK293T cells with second generation vectors including the transfer vector pAPM, carrying the 542 shRNA and puromycin resistance, the HIV-1 packaging plasmid psPAX2, and a VSVg 543 expression plasmid (pMD2.G) (complete information about these vectors is available at (70)).
544
For CD147 silencing, a MISSION® TRC shRNA transfer vector (TRCN0000006732) was 
646
Experiments were performed in triplicate with 8 independent samples per group. 
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